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(54) CATALYST FOR POLYMERIZING CYCLIC OLEFINS AND PRODUCTION OF CYCLIC OLEFIN 
POLYMER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a cyclic olefin polymerization catalyst capable of realizing a high 
cyclic olefin conversion in an extremely small amount, and to provide a method for producing a high mol.wt. 
cyclic olefin polymer. 

SOLUTION: This catalyst for polymerizing a cyclic olefin comprises (A) a transition metal compound, (B) a 
compound capable of reacting with the transition metal compound to form an ionic complex, and (C) a 
compound selected from the group consisting of an alcohol, an aldehyde and a ketone. A method for 
producing a cyclic olefinic polymer comprises polymerizing the cyclic olein in the presence of the catalyst. 
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CLAIMS 



[Claim(s)] 

[Claim 1](A) A catalyst for a cyclic olefin polymerization containing a compound chosen from a 
group which consists of a transition metal compound, a compound which reacts to the (B) 
transition metal compound and forms a complex of ionicity and (C) alcohol, aldehyde, and 
ketone. 

[Claim 2]The catalyst for a cyclic olefin polymerization according to claim 1, wherein a 
transition metal compound (A) is the 10th group transition metal compound. 
[Claim 3]The catalyst for a cyclic olefin polymerization according to claim 1, wherein a 
transition metal compound (A) is a palladium compound. 

[Claim 4]The catalyst for a cyclic olefin polymerization according to any one of claims 1 to 3, 
wherein a compound (B) which reacts to a transition metal compound and forms a complex of 
ionicity is a compound which generates an anion of non-ligating property by a reaction with a 
transition metal compound. 

[Claim 5]The catalyst for a cyclic olefin polymerization according to any one of claims 1 to 3, 
wherein compounds (B) which react to a transition metal compound and form a complex of 
ionicity are the following (Bl) - (B3) either. 

(Bl) Boron compound (B3) general formula (L-H) + expressed with boron compound (B-2) 
general formula G + (BQ l Q 2 Q 3 Q 4 ) "expressed with general formula BQ^Q 3 . (BQ^C^Q 4 ) A 
boron compound expressed with " (among a formula) B is a boron atom of a trivalent valence 
state, and Q 1 - Q 4 A halogen atom, A hydrocarbon group containing 1-20 carbon atoms, a 
halogenated hydrocarbon group containing 1-20 carbon atoms, It is 2 substituted amino groups 
containing a substitution silyl group containing 1-20 carbon atoms, an alkoxy group containing 
1-20 carbon atoms, or 2-40 carbon atoms, and they may be the same or may differ. G + is a 
cationic acid-ized agent which can oxidize and can use a transition metal as a cation, or a cation 
which can draw out a ligand from a transition metal compound. L is a neutral Lewis base and (L ~ 
^ + is Broensted acid. 

[Claim 6] A manufacturing method of a cyclic olefin system polymer polymerizing in cyclic 
olefin using the catalyst according to any one of claims 1 to 5. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of the catalyst for a 

cyclic olefin polymerization, and a cyclic olefin system polymer. 

[0002] 

[Description of the Prior Art]The cyclic olefin represented by norbornene polymerizes by various 
kinds of polymerizing methods, and giving the cyclic olefin system polymer which makes 
addition structure a subject is known. Generally such a cyclic olefin system polymer has a high 
glass transition temperature as compared with the un-annular olefin system polymer. 
The application as a film or various mold goods is expected as high-heat-resistance resin. 



[0003]Various kinds of things are known as a manufacturing method of this cyclic olefin system 
polymer. For example, about the norbornene system polymer, the method of using Pd^Hs CN) 
2CI2 for a U.S. Pat. No. 3330815 specification at a catalyst is proposed, The method of using for 
JP,4-63807,A the catalyst which consists of a transition metal compound ingredient and an 
aluminoxane ingredient is proposed. However, there was a problem that catalytic activity was 
low in the former, in order to have to use a lot of aluminoxane for the latter, a lot of metal 
remained in the polymer, and there was a problem of becoming causes, such as degradation of a 
polymer and coloring. 

[0004]The method of manufacturing the cyclic olefin system polymer containing a copolymer is 
proposed using the catalyst which consists of a compound ingredient which reacts to a transition 
metal compound ingredient and a transition metal compound at JP,5-262821,A, and forms the 
complex of ionicity. Although this method is a method excellent in the point that comparatively 
high catalyst efficiency can be attained, without using co-catalysts, such as aluminoxane, so 
much, When it is the point that the inversion rate of cyclic olefin is low, and many, still, the point 
which needs use of the difficult organoaluminium compound of handling as a co-catalyst is not 
enough. 

[0005]The manufacturing method of the cyclic olefin system polymer using the catalyst which 
uses as the main ingredients the compound which reacts to a palladium compound and a 
transition metal compound at JP,7-304834,A, and forms the complex of ionicity as a method by 
which this problem has been improved is proposed. Although this method was excellent as a 
method which may polymerize in a high inversion rate in cyclic olefin, industrial still higher 
catalytic activity and improvement in the molecular weight of polymer obtained were desired. 
[0006] 

[Problem(s) to be Solved by the Invention]This invention is made in light of the above- 
mentioned circumstances. That is, there is a technical problem of this invention in providing the 
method of manufacturing the catalyst for a cyclic olefin polymerization which realizes the 
inversion rate of high cyclic olefin with very a small amount of catalysts, and the cyclic olefin 
system polymer of the amount of polymers. 
[0007] 

[Means for Solving the Problem] As a result of repeating examination wholeheartedly that an 
aforementioned problem should be solved, this invention persons find out a catalyst which added 
a compound chosen from a group which becomes a specific catalyst system from alcohol, 
aldehyde, and ketone further as one ingredient, and came to complete this invention. Namely, a 
compound which this invention reacts to the (A) transition metal compound and the (B) 
transition metal compound, and forms a complex of ionicity, And a manufacturing method of a 
cyclic olefin system polymer which polymerizes in cyclic olefin using a catalyst for a cyclic 
olefin polymerization containing a compound chosen from a group which consists of (C) alcohol, 
aldehyde, and ketone, and this catalyst is started. 
[0008] 

[Embodiment of the Invention]Hereafter, this invention is explained in detail. 
(1) The cyclic olefin used in cyclic olefin this invention is the compounds in which four or more 
carbon atoms which may have various kinds of substituents form a ring, and include one carbon- 
carbon double bond in this ring. As such cyclic olefin, cyclobutene, cyclopentene, Monocycle- 
like olefins, such as a cyclohexene; 3-methylcyclopentene, Substitution monocycle-like olefins, 
such as 3-methylcyclohexene; substitution many cyclic olefin, such as multi-cyclic olefin; 1- 
methyl norbornene, such as norbornene and a 1 and 2-dihydrodicyclopentadiene, and 5 -methyl 



norbornene, is illustrated. 

[0009]Cyclic olefin desirable in these is the compounds expressed with following general 
formula [I]. 



(Among a formula, R l - R 12 may show the substituent chosen from the group which consists of a 
hydrogen atom, a halogen atom, a hydroxyl group, an amino group, and an organic group with 1- 
20 carbon atoms independently, respectively, and R 5 , R 6 and R 7 , and R 8 may form a ring.) n 
shows zero or more integers. 

[0010]Here as an example of an organic group with 1-20 carbon atoms which are the members of 
a substituent A methyl group, Alkyl groups, such as an ethyl group, a propyl group, a butyl 
group, a hexyl group, an octyl group, and dodecyl; A phenyl group, Aralkyl groups, such as aryl 
group; benzyls, such as a tolyl group and a naphthyl group, and a phenethyl group; A 
methylidene group, Alkylidene groups, such as an ethylidene group; Alkenyl group; methoxy 
groups, such as a vinyl group and an allyl group, alkoxy group [, such as an ethoxy basis, ]; -- 
aryloxy group [, such as a phenoxy group, ]; - acyl group [, such as an acetyl group, ]; - a 
methoxycarbonyl group, alkoxycarbonyl group [, such as an ethoxycarbonyl group, ]; - acyloxy 
group [, such as an acetyloxy group, ]; - silyl group [, such as a trimethylsilyl group, ] 
(substitution); - a dimethylamino group, alkylamino group [, such as a diethylamino group, ]; - 
carboxyl group; -- cyano group; and the above-mentioned alkyl group. Some hydrogen atoms of 
an aryl group and an ARARU keel group can mention the basis replaced by a halogen atom, a 
hydroxyl group, an amino group, the acyl group, the carboxyl group, the alkoxy group, the 
alkoxycarbonyl group, the acyloxy group, the silyl group (substitution), the alkylamino group, or 
the cyano group. 

[001 1]A desirable substituent An alkyl group with a hydrogen atom and 1-20 carbon atoms, an 
aryl group with 6-20 carbon atoms, An aralkyl group with 7-20 carbon atoms, an alkylidene 
group with 1-20 carbon atoms, They are an alkenyl group with 2-20 carbon atoms, an acyl group 
with 1-20 carbon atoms, an alkoxycarbonyl group with 1-20 carbon atoms, an acyloxy group 
with 1-20 carbon atoms, and a silyl group (substitution) with 1-20 carbon atoms. 
[0012]As an example of desirable cyclic olefin expressed with general formula [I], Norbornene, 
5-methyl norbornene, 5-ethyl norbornene, 5-butyl norbornene, 5-phenyl norbornene, 5-benzyl 
norbornene, Tetracyclo dodecen, tricyclo decene, tricyclo undecene, Pentacyclo pentadecene, 
pentacyclo hexa decene, ethylidene norbornene, 8 -methyl tetracyclo dodecen, 8-ethyltetracyclo 
dodecen, 5-acetyl norbornene, 5-acetyloxy norbornene, 5-carbomethoxy norbornene, 5- 
ethoxycarbonyl norbornene, 5-methyl-5-carbomethoxy norbornene, 5-cyano norbornene, 8- 
carbomethoxy tetracyclo dodecen, 8-methyl-8-carbomethoxy tetracyclo dodecen, 8-cyano 
tetracyclo dodecen, etc. can be enumerated. 

[00 13] When polymerizing, these cyclic olefin is independent or they are used by plurality. They 
are the range which does not spoil the outstanding character which a cyclic olefin system 
polymer has, i.e., the range in which the rate of the cyclic olefin in a total monomer generally is 



not less than 10 % of the weight, and a range which is not preferably less than 50 % of the 
weight, Using cyclic olefin and other existing copolymeric monomers together with cyclic olefin 
does not interfere at all As an example of other starting monomers, ethylene, propylene, 1- 
butene, Alkenyl aromatic hydrocarbon, such as alpha olefin; styrene, such as 4-methylpentene- 1, 
1-hexene, and 1-octene; The methyl vinyl ether, alkyl vinyl ether [, such as ethyl vinyl ether, ]; — 
unsaturation halogenated hydrocarbon [, such as VCM/PVC, ]; - methyl acrylate. Unsaturated 
nitrile, such as alpha, such as ethyl acrylate and methyl methacrylate, and beta-unsaturated- 
carboxylic-acid-ester; acrylonitrile; carboxylic acid vinyl, such as vinyl acetate, etc. can be 
mentioned. 

[00 14] (2) Transition metal compound (A) 

The (A) ingredient in the catalyst of this invention is a transition metal compound. A transition 
metal compound is a compound which has an element of the 6th fellows to the 1 1th fellows of 
the periodic table (an IUPAC inorganic chemistry nomenclature revised edition, 1989) here. As 
an example of these 6th fellows to the 1 1th fellows' element, chromium, molybdenum, tungsten, 
manganese, iron, a ruthenium, cobalt, rhodium, nickel, palladium, platinum, copper, silver, etc. 
are mentioned. Especially if it is a compound which has these elements, it is not limited, but a 
desirable transition metal compound is the 10th group transition metal compound, and are 
various compounds, such as nickel, palladium, and platinum. 

[001 5] As the example, inorganic acid salt; nickel acetate of nickel, such as nickel chloride, 
nickel sulfate, and perchloric acid nickel, Organic acid salt of nickel, such as nickel oxalate; 
Nickel acetylacetonate, Nickel complexes, such as nickel phthalocyanine; A palladium chloride, 
a palladium bromide, The inorganic acid salt of palladium, such as a palladous iodide, sulfuric 
acid palladium, and a palladium nitrate; Palladium acetate, Organic acid salt of palladium, such 
as trifluoro palladium acetate and palladium cyanide; Palladium acetylacetonate, 
Bis(allyl)palladium, dichloro(l,5-cyclo-octadiene) palladium, Dichlorobis (acetonitrile) 
palladium, dichlorobis (benzonitrile) palladium, Carbonyltris(triphenyl phosphine) palladium, 
dichlorobis (triethylphosphine) palladium, JIASETOBISU (triphenyl phosphine) palladium, 
tetrakis (triphenyl phosphine) palladium, Dichloro[l,2-bis(diphenylphospino)ethane] palladium, 
bis[l,2-bis(diphenylphospino)ethane] palladium, atetramine palladium nitrate, Palladium 
complexes, such as tetrakis (acetonitrile) palladium tetrafluoroborate; platinum complexes, such 
as inorganic acid salt; platinum acetylacetonate of platinum, such as a platinum chloride and 
iodination platinum, etc. can be mentioned. The 10th group transition metal compounds desirable 
in these are a compound of palladium, and a compound of nickel, and the still more desirable 
10th group transition metal compound is a compound of palladium. Especially a desirable 
transition metal compound (A) A palladium chloride, a palladium bromide, They are a palladous 
iodide, sulfuric acid palladium, a palladium nitrate, palladium acetate, dichlorobis (acetonitrile) 
palladium, dichlorobis (benzonitrile) palladium, and palladium acetylacetonate. 
[00 16] (3) compound (B) which reacts to a transition metal compound and forms the complex of 
ionicity 

The (B) ingredient in the catalyst of this invention is a compound which reacts to a transition 
metal compound and forms the complex of ionicity. Anything can be used for it, if the compound 
(B) which reacts to a transition metal compound and forms the complex of ionicity reacts to a 
transition metal compound and the complex of ionicity can be formed. A compound (B) is a 
compound which generates the anion of non-ligating property by a reaction with a transition 
metal compound preferably. 

[0017]The Lewis acid which can become a non-ligating property anion which uses a transition 



metal compound (Bl) as a cation, and corresponds preferably, (B-2) — general formula G + A" 
(however, the cationic acid-ized agent which G + can oxidize a transition metal and can be used as 
a cation.) Or it is a cation which can draw out a ligand from a transition metal compound, A ' is a 
non-ligating property anion. The compound expressed or (B3) general formula (L-H) + A " . 
(however, L is a neutral Lewis base, ( " H)+ is Broensted acid, a transition metal can be used as a 
cation and A " is a non-ligating property anion.) — it is either of the compounds which is 
expressed. 

[0018](B1), (B-2), and (B3) are boron compounds more preferably, respectively. 
[0019]The above-mentioned Lewis acid (Bl) is a general formula still more preferably. It is a 
boron compound expressed with BQ 1 Q 2 Q 3 . B is a boron atom of a trivalent valence state, and Q 1 
- Q 3 However, a halogen atom, The hydrocarbon group containing 1-20 carbon atoms, the 
halogenated hydrocarbon group containing 1-20 carbon atoms, It is 2 substituted amino groups 
containing the substitution silyl group containing 1-20 carbon atoms, the alkoxy group 
containing 1-20 carbon atoms, or 2-40 carbon atoms, and they may be the same or may differ. 
[0020]As an example of Lewis acid (Bl), tris(pentafluorophenyl) borane, Tris(2,3,5,6-tetrafluoro 
phenyl) borane, tris(2,3,4,5-tetrafluoro phenyl) borane, Although tris(3,4,5-trifluorophenyl) 
borane, tris(2,3,4-trifluorophenyl) borane, phenylbis(pentafluorophenyl)borane, etc. are 
mentioned, it is tris(pentafluorophenyl) borane most preferably. 

[0021]The compound (B-2) expressed with above general formula G + A~ is a boron compound 
expressed with general formula G + (BQ 1 Q 2 Q 3 Q 4 ) " still more preferably. However, B is a boron 
atom of a trivalent valence state, and Q 1 - Q 4 of it are the same as that of Q 1 in the above- 
mentioned Lewis acid (Bl) - Q 3 . 

[0022]General formula As an example of a compound expressed with G + (BQ 1 Q 2 Q 3 Q 4 ) " , A ferro 
SENIUMU cation, an alkylation ferro SENIUMU cation, a silver positive ion, etc. are mentioned 
to G which is a cationic acid-ized agent, and a triphenylmethyl cation etc. are mentioned to G + 
which is a cation which can draw out a ligand from a transition metal compound. In " which is a 
non-ligating property anion (BQ 1 Q 2 Q 3 Q 4 ). Tetrakis (pentafluorophenyl) borate, tetrakis (2,3,5,6- 
tetrafluoro phenyl) borate, Tetrakis (2,3,4,5-tetrafluoro phenyl) borate, Tetrakis (3,4,5- 
trifluorophenyl) borate, tetrakis (2, 2, 4-trifluorophenyl) borate, 

phenylbis(pentafluorophenyl)borate, tetrakis(3,5-bis-trifluoromethylphenyl)borate, etc. are 
mentioned. 

[0023] As such concrete combination, ferro SENIUMU tetrakis (pentafluorophenyl) borate, 1,1- 
'dimethylferrocenium tetrakis(pentafluorophenyl)borate, Although silver tetrakis 
(pentafluorophenyl) borate, triphenylmethyl tetrakis (pentafluorophenyl) borate, triphenylmethyl 
tetrakis(3,5-bis-trifluoromethylphenyl)borate, etc. can be mentioned, It is triphenylmethyl 
tetrakis (pentafluorophenyl) borate most preferably. 

[0024]The compound (B3) expressed with above general formula (L-H) + A " is a boron 
compound expressed with general formula (L-H) + (BQ 1 Q 2 Q 3 Q 4 ) " still more preferably. 
However, B is a boron atom of a trivalent valence state, and Q 1 - Q 4 of it are the same as that of 
Q 1 in the above-mentioned Lewis acid (Bl) - Q 3 . 

[0025] As an example of a compound expressed with general formula (L-H) + (BQ ! Q 2 Q 3 Q 4 ) " , In 
+ which is Broensted acid (L-H). Trialkyl substitution ammonium, N, and N-dialkyl anilinium, 
dialkyl ammonium and doria — reel phosphonium etc. are mentioned and the same thing as the 
above-mentioned is mentioned to " which is a non-ligating property anion (BQ J Q 2 Q 3 Q 4 ). 
[0026]As such concrete combination, triethyl ammonium tetrakis (pentafluorophenyl) borate, 
Tripropylammoniumtetrakis(pentafluorophenyl)borate, Tori (normal butyl) ammonium tetrakis 



(pentafluorophenyl) borate, Tori (normal butyl) ammonium tetrakis(3,5-bis- 
trifluoromethylphenyl)borate, N and N-dimethyl anilinium tetrakis (pentafluorophenyl) borate, 
N,N-diethyl anilinium tetrakis (pentafluorophenyl) borate, N, N-2, 4, 6-pentamethylanilinium 
tetrakis (pentafluorophenyl) borate, N and N-dimethyl anilinium tetrakis(3,5-bis- 
trifluoromethylphenyl)borate, Diisopropyl ammonium tetrakis (pentafluorophenyl) borate, 
Dicyclohexyl ammonium tetrakis (pentafluorophenyl) borate, triphenyl phosphonium tetrakis 
(pentafluorophenyl) borate, Tori (methylphenyl) phosphonium tetrakis (pentafluorophenyl) 
borate, Although Tori (dimethylphenyl) phosphonium tetrakis (pentafluorophenyl) borate etc. 
can be mentioned, It is Tori (normal butyl) ammonium tetrakis (pentafluorophenyl) borate or N, 
and N-dimethyl anilinium tetrakis (pentafluorophenyl) borate most preferably. 
[0027](4) The compound (C) chosen from the group which consists of alcohol, aldehyde, and 
ketone 

The (C) ingredient in the catalyst of this invention is a compound chosen from the group which 
consists of alcohol, aldehyde, and ketone. Alcohol with 1-20 carbon atoms, aldehyde, and ketone 
are used preferably as alcohol, aldehyde, and ketone, and they are alcohol with 1-10 carbon 
atoms, aldehyde, and ketone still more preferably. They are alcohol and ketone especially 
preferably. These may be used independently, or may mix and use plurality. 
[0028] As an example of alcohol, methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2- 
butanol, 2-methyl-2-propanol, 2-methyl- 1-propanol, 1-pentanol, 3 -methyl- 1-butanol, Neopentyl 
alcohol, cyclohexyl alcohol, allyl alcohol, A 2-butene-l-oar, a 3-butene-l-oar, 
hexafluoroisopropanol, Hexachloroisopropanol, ethylene glycol, 1,3 -propanediol, 1,3-butanediol, 
1,4-butanediol, glycerin, menthol, methanol amine, ethanolamine, etc. are mentioned. As an 
example of aldehyde, formaldehyde, acetaldehyde, propanal, butanal, 2-methylpropanal, 
pentanal, hexanal, 2-pentenedial, benzaldehyde, etc. are mentioned. As an example of ketone, 
acetone, 2-butanone, 2-pentanone, 3-pentanone, 5-hexen-3-one, benzophenone, benzoquinone, 
An acetophenone, acetonaphthone, propiophenone, a biacetyl, Benzyl, 2,4-pentadione, 2,4- 
hexadione, cyclohexanone, 1,2-indanediones, 9-fluorenone, Antron, phenan TRON, NAFTA 
RENON, PIRAJINON, pyridone, di-(3-pyridyl)diketone, etc. are mentioned. 
[0029]Most preferably as alcohol, it is methanol, ethanol, and hexafluoroisopropanol and they 
are benzoquinone and acetone most preferably as ketone. 

[0030](5) The catalyst for a cyclic olefin polymerization of catalyst this invention for a cyclic 
olefin polymerization is a catalyst containing the above-mentioned (A) ingredient, the (B) 
ingredient, and the (C) ingredient. In a suitable solvent, may use these ingredients as a 
beforehand mixed solution, and the (A) ingredient, the (B) ingredient, and the (C) ingredient, for 
example, The (A) ingredient, the (B) ingredient and the (C) ingredient, or the solution that 
melted them in the monomer or the suitable solvent may be supplied to a polymerization system 
simultaneous or independently, and it may be made to contact within a polymerization system. 
[0031]as opposed to the monomer which it cannot generally define the range since the amount of 
the ingredient (A) used differs in the suitable value according to the kind and other 
polymerization conditions of the cyclic olefin chosen, but is usually used - 0.00001 - 1-mol % - 
they are 0.0001 - 0. 1-mol % preferably. Although the amount in particular of the ingredient (B) 
used is not restricted, either, 0.1-100 mol is usually 0.5-10 mol preferably per 1 mol of 
ingredients (A). Although the amount of the ingredient (C) used is not restricted, either, it is 
usually 0.001 mol or more per mol of ingredient (A). Although it is about 0.1-100000 mol per 
mol of ingredient (A) preferably, it is also possible to use it in large quantities and to use as a 
polymerization solvent. 



[0032](6) In manufacture this invention of a cyclic olefin system polymer, although a 
polymerization method in particular should not be limited, For example, aliphatic hydrocarbon, 
such as butane, pentane, hexane, heptane, and octane, Aromatic hydrocarbon, such as benzene, 
toluene, and xylene, methylene dichloride, Halogenated hydrocarbon, such as ethylene 
dichloride, methanol, ethanol, Ether, such as alcohols, such as propanol and butanol, 
diethylether, and a tetrahydrofuran, Ketone, such as acetone, methyl ethyl ketone, and methyl 
isobutyl ketone. The solvent polymerization which uses solution and water, such as acetic acid, 
chloride, and perchloric acid, for a solvent as independence or multiple mixed liquor or slurry 
polymerization, a vapor phase polymerization, high voltage ionic polymerization in the inside of 
a gaseous monomer, etc. are possible, and either a continuation polymerization or a batch 
process polymerization is possible. 

[0033]In a solvent polymerization or slurry polymerization, although the polymerization 
temperature can usually take the range of -50-200 **, the range of -20-100 ** is preferred 
especially, and polymerization pressure has ordinary pressure - preferred 60 kg/cm 2 G. In a vapor 
phase polymerization, 1-30 kg/cm 2 G of polymerization temperature is [ 60-120 ** and 
polymerization pressure ] preferred. In high voltage ionic polymerization, 300 - 2500 kg/cm 2 G of 
polymerization temperature is [ 150-300 ** and polymerization pressure ] preferred. Although 
polymerization time is generally suitably determined by the kind of polymer made into the 
purpose, and the reaction apparatus, it can usually take the range of for [ 1 minute ] - 20 hours. 
This invention can also add chain transfer agents, such as hydrogen, in order to adjust the 
molecular weight of a copolymer. 

[Example] Although an example explains this invention concretely, this invention does not have 
the range hereafter limited by this example, [eta] in an example is the limiting viscosity 
measured at 135 ** by using a tetralin as a solvent. 

[0034]In the 300-ml round-bottom separable flask which carried out the example 1 nitrogen 
purge, dichlorobis (benzonitrile) palladium 0.001 millimol, 10 ml (50 millimols as norbornene) 
of toluene solutions of the norbornene of 100 ml of drying toluene and 5-mol [/l. ] concentration 
and methanol lmmol were taught and warmed, and it made with a 50 ** homogeneous solution. 
Here, triphenylmethyl tetrakis (pentafluorophenyl) borate 0.001 millimol was added here, and 
churning was continued for 15 minutes at 50 **. Then, this reaction mixture was invested in 100 
ml of methanol, and RO ** of the precipitating white solid was carried out. The yield of the 
polymer which obtained it with methanol by carrying out reduced pressure drying of this solid 
after washing was 219 mg (4120 kg/mo 1-Pd as 22% and catalytic activity as an inversion rate of 
norbornene). The absorption based on a carbon-carbon double bond was not observed in the 
infrared absorption spectrum of this polymer, but it was confirmed that this polymer is poly 
norbornene of saturation structure, [eta] of this polymer was 2.59 dl/g. 
[0035]Except having changed methanol in example 2 Example 1 into ethanol, it was operated 
like Example 1 and 388 mg of poly norbornene was obtained. This yield corresponds as an 
inversion rate of norbornene, and is equivalent to 1550 kg/mol-Pd as catalytic activity 8.2%. 
[eta] of this polymer was 0.48 dl/g. 

[0036]Except having changed methanol in example 3 Example 1 into hexafluoroisopropanol, it 
was operated like Example 1 and 850 mg of poly norbornene was obtained. This yield 
corresponds as an inversion rate of norbornene, and is equivalent to 3400 kg/mol-Pd as catalytic 
activity 18%. [eta] of this polymer was 2.00 dl/g. 

[003 7] Except having changed methanol in example 4 Example 1 into benzoquinone, it was 
operated like Example 1 and 525 mg of poly norbornene was obtained. This yield corresponds as 



an inversion rate of norbornene, and is equivalent to 2100 kg/mol-Pd as catalytic activity 11%. 
[eta] of this polymer was 0.89 dl/g. 

[0038]Except having changed methanol in example 5 Example 1 into acetone, it was operated 
like Example 1 and 446 g of poly norbornene was obtained. This yield corresponds as an 
inversion rate of norbornene, and is equivalent to 1780 kg/mol-Pd as catalytic activity 9.5%. 
[eta] of this polymer was 0.92 dl/g. 

[0039]Except not having added methanol lmmol in comparative example 1 Example 1, when it 
was operated like Example 1, 150 mg of poly norbornene was obtained. This yield corresponds 
as an inversion rate of norbornene, and is equivalent to 600 kg/mol-Pd as catalytic activity 3.2%. 
[eta] of this polymer was 0.20 dl/g. 
[0040] 

[Effect of the Invention] As explained in full detail above, according to the method of this 
invention, a useful cyclic olefin system polymer can be efficiently produced using very a small 
amount of catalysts, and the industrial value is size very much. 

TECHNICAL FIELD 



[Field of the Invention]This invention relates to the manufacturing method of the catalyst for a 
cyclic olefin polymerization, and a cyclic olefin system polymer. 

PRIOR ART 



[Description of the Prior Art]The cyclic olefin represented by norbornene polymerizes by various 
kinds of polymerizing methods, and giving the cyclic olefin system polymer which makes 
addition structure a subject is known. Generally such a cyclic olefin system polymer has a high 
glass transition temperature as compared with the un-annular olefin system polymer. 
The application as a film or various mold goods is expected as high-heat-resistance resin. 

[0003] Various kinds of things are known as a manufacturing method of this cyclic olefin system 
polymer. For example, about the norbornene system polymer, the method of using Pd^Hs CN) 
2 C1 2 for a U.S. Pat. No. 3330815 specification at a catalyst is proposed, The method of using for 
JP,4-63807,A the catalyst which consists of a transition metal compound ingredient and an 
aluminoxane ingredient is proposed. However, there was a problem that catalytic activity was 
low in the former, in order to have to use a lot of aluminoxane for the latter, a lot of metal 
remained in the polymer, and there was a problem of becoming causes, such as degradation of a 
polymer and coloring. 

[0004]The method of manufacturing the cyclic olefin system polymer containing a copolymer is 
proposed using the catalyst which consists of a compound ingredient which reacts to a transition 
metal compound ingredient and a transition metal compound at JP,5-262821,A, and forms the 
complex of ionicity. Although this method is a method excellent in the point that comparatively 
high catalyst efficiency can be attained, without using co-catalysts, such as aluminoxane, so 
much, When it is the point that the inversion rate of cyclic olefin is low, and many, still, the point 
which needs use of the difficult organoaluminium compound of handling as a co-catalyst is not 
enough. 

[0005]The manufacturing method of the cyclic olefin system polymer using the catalyst which 
uses as the main ingredients the compound which reacts to a palladium compound and a 



transition metal compound at JP,7-304834,A, and forms the complex of ionicity as a method by 
which this problem has been improved is proposed. Although this method was excellent as a 
method which may polymerize in a high inversion rate in cyclic olefin, industrial still higher 
catalytic activity and improvement in the molecular weight of polymer obtained were desired. 

EFFECT OF THE INVENTION 



[Effect of the Invention] As explained in full detail above, according to the method of this 
invention, a useful cyclic olefin system polymer can be efficiently produced using very a small 
amount of catalysts, and the industrial value is size very much. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the InventionjThis invention is made in light of the above- 
mentioned circumstances. That is, there is a technical problem of this invention in providing the 
method of manufacturing the catalyst for a cyclic olefin polymerization which realizes the 
inversion rate of high cyclic olefin with very a small amount of catalysts, and the cyclic olefin 
system polymer of the amount of polymers. 

MEANS 



[Means for Solving the ProblemJAs a result of repeating examination wholeheartedly that an 
aforementioned problem should be solved, this invention persons find out a catalyst which added 
a compound chosen from a group which becomes a specific catalyst system from alcohol, 
aldehyde, and ketone further as one ingredient, and came to complete this invention. Namely, a 
compound which this invention reacts to the (A) transition metal compound and the (B) 
transition metal compound, and forms a complex of ionicity, And a manufacturing method of a 
cyclic olefin system polymer which polymerizes in cyclic olefin using a catalyst for a cyclic 
olefin polymerization containing a compound chosen from a group which consists of (C) alcohol, 
aldehyde, and ketone, and this catalyst is started. 

[0008] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. 
(1) The cyclic olefin used in cyclic olefin this invention is the compounds in which four or more 
carbon atoms which may have various kinds of substituents form a ring, and include one carbon- 
carbon double bond in this ring. As such cyclic olefin, cyclobutene, cyclopentene, Monocycle- 
like olefins, such as a cyclohexene; 3-methylcyclopentene, Substitution monocycle-like olefins, 
such as 3-methylcyclohexene; substitution many cyclic olefin, such as multi-cyclic olefin; 1- 
methyl norbornene, such as norbornene and a 1 and 2-dihydrodicyclopentadiene, and 5-methyl 
norbornene, is illustrated. 

[0009]Cyclic olefin desirable in these is the compounds expressed with following general 
formula [I]. 



(Among a formula, R 1 - R 12 may show the substituent chosen from the group which consists of a 
hydrogen atom, a halogen atom, a hydroxyl group, an amino group, and an organic group with 1- 
20 carbon atoms independently, respectively, and R 5 , R 6 and R , and R 8 may form a ring.) n 
shows zero or more integers. 

[0010]Here as an example of an organic group with 1-20 carbon atoms which are the members of 
a substituent A methyl group, Alkyl groups, such as an ethyl group, a propyl group, , a butyl 
group, a hexyl group, an octyl group, and dodecyl; A phenyl group, Aralkyl groups, such as aryl 
group; benzyls, such as a tolyl group and a naphthyl group, and a phenethyl group; A 
methylidene group, Alkylidene groups, such as an ethylidene group; Alkenyl group; methoxy 
groups, such as a vinyl group and an allyl group, alkoxy group [, such as an ethoxy basis, ]; - 
aryloxy group [, such as a phenoxy group, ]; - acyl group [, such as an acetyl group, ]; - a 
methoxycarbonyl group, alkoxycarbonyl group [, such as an ethoxycarbonyl group, ]; - acyloxy 
group [, such as an acetyloxy group, ]; - silyl group [, such as a trimethylsilyl group, ] 
(substitution); - a dimethylamino group, alkylamino group [, such as a diethylamino group, ]; - 
carboxyl group; - cyano group; and the above-mentioned alkyl group. Some hydrogen atoms of 
an aryl group and an ARARU keel group can mention the basis replaced by a halogen atom, a 
hydroxyl group, an amino group, the acyl group, the carboxyl group, the alkoxy group, the 
alkoxycarbonyl group, the acyloxy group, the silyl group (substitution), the alkylamino group, or 
the cyano group. 

[001 1] A desirable substituent An alkyl group with a hydrogen atom and 1-20 carbon atoms, an 
aryl group with 6-20 carbon atoms, An aralkyl group with 7-20 carbon atoms, an alkylidene 
group with 1-20 carbon atoms, They are an alkenyl group with 2-20 carbon atoms, an acyl group 
with 1-20 carbon atoms, an alkoxycarbonyl group with 1-20 carbon atoms, an acyloxy group 
with 1-20 carbon atoms, and a silyl group (substitution) with 1-20 carbon atoms. 
[00 12] As an example of desirable cyclic olefin expressed with general formula [I], Norbornene, 
5-methyl norbornene, 5-ethyl norbornene, 5-butyl norbornene, 5-phenyl norbornene, 5-benzyl 
norbornene, Tetracyclo dodecen, tricyclo decene, tricyclo undecene, Pentacyclo pentadecene, 
pentacyclo hexa decene, ethylidene norbornene, 8-methyltetracyclo dodecen, 8-ethyltetracyclo 
dodecen, 5-acetyl norbornene, 5-acetyloxy norbornene, 5-carbomethoxy norbornene, 5- 
ethoxycarbonyl norbornene, 5~methyl-5-carbomethoxy norbornene, 5-cyano norbornene, 8- 
carbomethoxy tetracyclo dodecen, 8-methyl-8-carbomethoxy tetracyclo dodecen, 8-cyano 
tetracyclo dodecen, etc. can be enumerated. 

[00 13] When polymerizing, these cyclic olefin is independent or they are used by plurality. They 
are the range which does not spoil the outstanding character which a cyclic olefin system 
polymer has, i.e., the range in which the rate of the cyclic olefin in a total monomer generally is 
not less than 10 % of the weight, and a range which is not preferably less than 50 % of the 
weight, Using cyclic olefin and other existing copolymeric monomers together with cyclic olefin 
does not interfere at all. As an example of other starting monomers, ethylene, propylene, 1- 



butene, Alkenyl aromatic hydrocarbon, such as alpha olefin; styrene, such as 4-methylpentene- 1, 
1-hexene, and 1-octene; The methyl vinyl ether, alkyl vinyl ether [, such as ethyl vinyl ether, ]; — 
unsaturation halogenated hydrocarbon [, such as VCM/PVC, ]; - methyl acrylate. Unsaturated 
nitrile, such as alpha, such as ethyl acrylate and methyl methacrylate, and beta-unsaturated- 
carboxylic-acid-ester; acrylonitrile; carboxylic acid vinyl, such as vinyl acetate, etc. can be 
mentioned. 

[0014](2) Transition metal compound (A) 

The (A) ingredient in the catalyst of this invention is a transition metal compound. A transition 
metal compound is a compound which has an element of the 6th fellows to the 1 1th fellows of 
the periodic table (an IUPAC inorganic chemistry nomenclature revised edition, 1989) here. As 
an example of these 6th fellows to the 1 1th fellows' element, chromium, molybdenum, tungsten, 
manganese, iron, a ruthenium, cobalt, rhodium, nickel, palladium, platinum, copper, silver, etc. 
are mentioned. Especially if it is a compound which has these elements, it is not limited, but a 
desirable transition metal compound is the 10th group transition metal compound, and are 
various compounds, such as nickel, palladium, and platinum. 
[00 15] As the example, inorganic acid salt; nickel acetate of nickel, such as nickel chloride, 
nickel sulfate, and perchloric acid nickel, Organic acid salt of nickel, such as nickel oxalate; 
Nickel acetylacetonate, Nickel complexes, such as nickel phthalocyanine; A palladium chloride, 
a palladium bromide, The inorganic acid salt of palladium, such as a palladous iodide, sulfuric 
acid palladium, and a palladium nitrate; Palladium acetate, Organic acid salt of palladium, such 
as trifluoro palladium acetate and palladium cyanide; Palladium acetylacetonate, 
Bis(allyl)palladium, dichloro(l ,5-cyclo-octadiene) palladium, Dichlorobis (acetonitrile) 
palladium, dichlorobis (benzonitrile) palladium, Carbonyltris(triphenyl phosphine) palladium, 
dichlorobis (triethylphosphine) palladium, JIASETOBISU (triphenyl phosphine) palladium, 
tetrakis (triphenyl phosphine) palladium, Dichloro[l,2-bis(diphenylphospino)ethmie] palladium, 
bis[l,2-bis(diphenylphospino)ethane] palladium, a tetramine palladium nitrate, Palladium 
complexes, such as tetrakis (acetonitrile) palladium tetrafluoroborate; platinum complexes, such 
as inorganic acid salt; platinum acetylacetonate of platinum, such as a platinum chloride and 
iodination platinum, etc. can be mentioned. The 1 0th group transition metal compounds desirable 
in these are a compound of palladium, and a compound of nickel, and the still more desirable 
10th group transition metal compound is a compound of palladium. Especially a desirable 
transition metal compound (A) A palladium chloride, a palladium bromide, They are a palladous 
iodide, sulfuric acid palladium, a palladium nitrate, palladium acetate, dichlorobis (acetonitrile) 
palladium, dichlorobis (benzonitrile) palladium, and palladium acetylacetonate. 
[00 16] (3) The compound (B) which reacts to a transition metal compound and forms the 
complex of ionicity 

The (B) ingredient in the catalyst of this invention is a compound which reacts to a transition 
metal compound and forms the complex of ionicity. Anything can be used for it, if the compound 
(B) which reacts to a transition metal compound and forms the complex of ionicity reacts to a 
transition metal compound and the complex of ionicity can be formed. A compound (B) is a 
compound which generates the anion of non-ligating property by a reaction with a transition 
metal compound preferably. 

[0017]The Lewis acid which can become a non-ligating property anion which uses a transition 
metal compound (Bl) as a cation, and corresponds preferably, (B-2) - general formula G + A " 
(however, the cationic acid-ized agent which G + can oxidize a transition metal and can be used as 
a cation.) Or it is a cation which can draw out a ligand from a transition metal compound, A " is a 



non-ligating property anion. The compound expressed or (B3) general formula (L-H) + A ' . 
(however, L is a neutral Lewis base, (L "" )+ is Broensted acid, a transition metal can be used as a 
cation and A " is a non-ligating property anion.) -- it is either of the compounds which is 
expressed. 

[0018](B1), (B-2), and (B3) are boron compounds more preferably, respectively. 
[0019]The above-mentioned Lewis acid (Bl) is a general formula still more preferably. It is a 
boron compound expressed with BQVQ • B is a boron atom of a trivalent valence state, and Q 1 
- Q However, a halogen atom, The hydrocarbon group containing 1-20 carbon atoms, the 
halogenated hydrocarbon group containing 1-20 carbon atoms, It is 2 substituted amino groups 
containing the substitution silyl group containing 1-20 carbon atoms, the alkoxy group 
containing 1-20 carbon atoms, or 2-40 carbon atoms, and they may be the same or may differ. 
[0020]As an example of Lewis acid (Bl), tris(pentafluorophenyl) borane, Tris(2,3,5,6-tetrafluoro 
phenyl) borane, tris(2,3,4,5-tetrafluoro phenyl) borane, Although tris(3,4,5-trifluorophenyl) 
borane, tris(2,3,4-trifluorophenyl) borane, phenylbis(pentafluorophenyl)borane, etc. are 
mentioned, it is tris(pentafluorophenyl) borane most preferably. 
[0021]The compound (B-2) expressed with above general formula G + A " is a boron compound 
expressed with general formula G^BQ'qVq 4 ) " still more preferably. However, B is a boron 
atom of a trivalent valence state, and Q 1 - Q 4 of it are the same as that of Q 1 in the above- 
mentioned Lewis acid (Bl) - Q 3 . 
[0022]General formula As an example of a compound expressed with G^BQ'Q^Q 4 ) " , A ferro 
SENIUMU cation, an alkylation ferro SENIUMU cation, a silver positive ion, etc. are mentioned 
to G which is a cationic acid-ized agent, and a triphenylmethyl cation etc. are mentioned to G + 
which is a cation which can draw out a ligand from a transition metal compound. In "which is a 
non-ligating property anion (BQ'Q 2 Q 3 Q 4 ). Tetrakis (pentafluorophenyl) borate, tetrakis (2,3,5,6- 
tetrafluoro phenyl) borate, Tetrakis (2,3,4,5-tetrafluoro phenyl) borate, Tetrakis (3,4,5- 
trifluorophenyl) borate, tetrakis (2, 2, 4-trifluorophenyl) borate, 
phenylbis(pentafluorophenyl)borate, tetrakis(3,5-bis-trifluoromethylphenyl)borate, etc. are 
mentioned. 

[0023] As such concrete combination, ferro SENIUMU tetrakis (pentafluorophenyl) borate, 1,1- 
'dimethylferrocenium tetrakis(pentafluorophenyl)borate, Although silver tetrakis 
(pentafluorophenyl) borate, triphenylmethyl tetrakis (pentafluorophenyl) borate, triphenylmethyl 
tetrakis(3,5-bis-trifluoromethylphenyl)borate, etc. can be mentioned, It is triphenylmethyl 
tetrakis (pentafluorophenyl) borate most preferably. 

[0024]The compound (B3) expressed with above general formula (L-H) + A ' is a boron 
compound expressed with general formula (L-H) + (BQ'Q 2 Q 3 Q 4 ) " still more preferably. 
However, B is a boron atom of a trivalent valence state, and Q 1 - Q 4 of it are the same as that of 
Q in the above-mentioned Lewis acid (Bl) - Q 3 . 
[0025] As an example of a compound expressed with general formula (L-H) + (BQ*Q 2 Q 3 Q 4 ) " , In 
which is Broensted acid (L-H). Trialkyl substitution ammonium, N, and N-dialkyl anilinium, 
dialkyl ammonium and doria ~ reel phosphonium etc. are mentioned and the same thing as the 
above-mentioned is mentioned to " which is a non-ligating property anion (BQ'Q 2 Q 3 Q 4 ). 
[0026]As such concrete combination, triethyl ammonium tetrakis (pentafluorophenyl) borate, 
Tripropylammoniumtetrakis(pentafluorophenyl)borate, Tori (normal butyl) ammonium tetrakis 
(pentafluorophenyl) borate, Tori (normal butyl) ammonium tetrakis(3,5-bis- 
trifluoromethylphenyl)borate, N and N-dimethyl anilinium tetrakis (pentafluorophenyl) borate, 
N,N-diethyl anilinium tetrakis (pentafluorophenyl) borate, N, N-2, 4, 6-pentamethylanilinium 



tetrakis (pentafluorophenyl) borate, N and N-dimethyl anilinium tetrakis(3,5-bis- 
trifluoromethylphenyl)borate, Diisopropyl ammonium tetrakis (pentafluorophenyl) borate, 
Dicyclohexyl ammonium tetrakis (pentafluorophenyl) borate, triphenyl phosphonium tetrakis 
(pentafluorophenyl) borate, Tori (methylphenyl) phosphonium tetrakis (pentafluorophenyl) 
borate, Although Tori (dimethylphenyl) phosphonium tetrakis (pentafluorophenyl) borate etc. 
can be mentioned, It is Tori (normal butyl) ammonium tetrakis (pentafluorophenyl) borate or N, 
and N-dimethyl anilinium tetrakis (pentafluorophenyl) borate most preferably. 
[0027](4) The compound (C) chosen from the group which consists of alcohol, aldehyde, and 
ketone 

The (C) ingredient in the catalyst of this invention is a compound chosen from the group which 
consists of alcohol, aldehyde, and ketone. Alcohol with 1-20 carbon atoms, aldehyde, and ketone 
are used preferably as alcohol, aldehyde, and ketone, and they are alcohol with 1-10 carbon 
atoms, aldehyde, and ketone still more preferably. They are alcohol and ketone especially 
preferably. These may be used independently, or may mix and use plurality. 
[0028] As an example of alcohol, methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2- 
butanol, 2-methyl-2-propanol, 2-methyl- 1-propanol, 1-pentanol, 3 -methyl- 1-butanol, Neopentyl 
alcohol, cyclohexyl alcohol, allyl alcohol, A 2-butene-l-oar, a 3-butene-l-oar, 
hexafluoroisopropanol, Hexachloroisopropanol, ethylene glycol, 1,3 -propanediol, 1,3-butanediol, 
1,4-butanediol, glycerin, menthol, methanol amine, ethanolamine, etc. are mentioned. As an 
example of aldehyde, formaldehyde, acetaldehyde, propanal, butanal, 2-methylpropanal, 
pentanal, hexanal, 2-pentenedial, benzaldehyde, etc. are mentioned. As an example of ketone, 
acetone, 2-butanone, 2-pentanone, 3-pentanone, 5-hexen-3-one, benzophenone, benzoquinone, 
An acetophenone, acetonaphthone, propiophenone, a biacetyl, Benzyl, 2,4-pentadione, 2,4- 
hexadione, cyclohexanone, 1 ,2-indanediones, 9-fluorenone, Antron, phenan TRON, NAFTA 
RENON, PIRAJINON, pyridone, di-(3-pyridyl)diketone, etc. are mentioned. 
[0029]Most preferably as alcohol, it is methanol, ethanol, and hexafluoroisopropanol and they 
are benzoquinone and acetone most preferably as ketone. 
[0030](5) The catalyst for a cyclic olefin polymerization of catalyst this invention for a cyclic 
olefin polymerization is a catalyst containing the above-mentioned (A) ingredient, the (B) 
ingredient, and the (C) ingredient. In a suitable solvent, may use these ingredients as a 
beforehand mixed solution, and the (A) ingredient, the (B) ingredient, and the (C) ingredient, for 
example, The (A) ingredient, the (B) ingredient and the (C) ingredient, or the solution that 
melted them in the monomer or the suitable solvent may be supplied to a polymerization system 
simultaneous or independently, and it may be made to contact within a polymerization system. 
[003 l]as opposed to the monomer which it cannot generally define the range since the amount of 
the ingredient (A) used differs in the suitable value according to the kind and other 
polymerization conditions of the cyclic olefin chosen, but is usually used - 0.00001 - 1-mol % - 
they are 0.0001 - 0. 1-mol % preferably. Although the amount in particular of the ingredient (B) 
used is not restricted, either, 0.1-100 mol is usually 0.5-10 mol preferably per 1 mol of 
ingredients (A). Although the amount of the ingredient (C) used is not restricted, either, it is 
usually 0.001 mol or more per mol of ingredient (A). Although it is about 0.1-100000 mol per 
mol of ingredient (A) preferably, it is also possible to use it in large quantities and to use as a 
polymerization solvent. 
[0032](6) In manufacture this invention of a cyclic olefin system polymer, although a 
polymerization method in particular should not be limited, For example, aliphatic hydrocarbon, 
such as butane, pentane, hexane, heptane, and octane, Aromatic hydrocarbon, such as benzene, 



toluene, and xylene, methylene dichloride, Halogenated hydrocarbon, such as ethylene 
dichloride, methanol, ethanol, Ether, such as alcohols, such as propanol and butanol, 
diethylether, and a tetrahydrofuran, Ketone, such as acetone, methyl ethyl ketone, and methyl 
isobutyl ketone. The solvent polymerization which uses solution and water, such as acetic acid, 
chloride, and perchloric acid, for a solvent as independence or multiple mixed liquor or slurry 
polymerization, a vapor phase polymerization, high voltage ionic polymerization in the inside of 
a gaseous monomer, etc. are possible, and either a continuation polymerization or a batch 
process polymerization is possible. 

[0033]In a solvent polymerization or slurry polymerization, although the polymerization 
temperature can usually take the range of -50-200 **, the range of -20-100 ** is preferred 
especially, and polymerization pressure has ordinary pressure - preferred 60 kg/cm 2 G. In a vapor 
phase polymerization, 1 - 30 kg/cm 2 G of polymerization temperature is [ 60-120 ** and 
polymerization pressure ] preferred. In high voltage ionic polymerization, 300 - 2500 kg/cm 2 G of 
polymerization temperature is [ 150-300 ** and polymerization pressure ] preferred. Although 
polymerization time is generally suitably determined by the kind of polymer made into the 
purpose, and the reaction apparatus, it can usually take the range of for [ 1 minute ] - 20 hours. 
This invention can also add chain transfer agents, such as hydrogen, in order to adjust the 
molecular weight of a copolymer. 

EXAMPLE 



[Example] Although an example explains this invention concretely, this invention does not have 
the range hereafter limited by this example, [eta] in an example is the limiting viscosity 
measured at 135 ** by using a tetralin as a solvent. 

[003 4] In the 300-ml round-bottom separable flask which carried out the example 1 nitrogen 
purge, dichlorobis (benzonitrile) palladium 0.001 millimol, 10 ml (50 millimols as norbornene) 
of toluene solutions of the norbornene of 100 ml of drying toluene and 5-mol [/l. ] concentration 
and methanol lmmol were taught and warmed, and it made with a 50 ** homogeneous solution. 
Here, triphenylmethyl tetrakis (pentafluorophenyl) borate 0.001 millimol was added here, and 
churning was continued for 15 minutes at 50 **. Then, this reaction mixture was invested in 100 
ml of methanol, and RO ** of the precipitating white solid was carried out. The yield of the 
polymer which obtained it with methanol by carrying out reduced pressure drying of this solid 
after washing was 219 mg (4120 kg/mol-Pd as 22% and catalytic activity as an inversion rate of 
norbornene). The absorption based on a carbon-carbon double bond was not observed in the 
infrared absorption spectrum of this polymer, but it was confirmed that this polymer is poly 
norbornene of saturation structure, [eta] of this polymer was 2.59 dl/g. 

[0035]Except having changed methanol in example 2 Example 1 into ethanol, it was operated 
like Example 1 and 388 mg of poly norbornene was obtained. This yield corresponds as an 
inversion rate of norbornene, and is equivalent to 1550 kg/mol-Pd as catalytic activity 8.2%. 
[eta] of this polymer was 0.48 dl/g. 

[0036]Except having changed methanol in example 3 Example 1 into hexafluoroisopropanol, it 
was operated like Example 1 and 850 mg of poly norbornene was obtained. This yield 
corresponds as an inversion rate of norbornene, and is equivalent to 3400 kg/mol-Pd as catalytic 
activity 18%. [eta] of this polymer was 2.00 dl/g. 

[003 7] Except having changed methanol in example 4 Example 1 into benzoquinone, it was 
operated like Example 1 and 525 mg of poly norbornene was obtained. This yield corresponds as 



an inversion rate of norbornene, and is equivalent to 2100 kg/mol-Pd as catalytic activity 1 1%. 
[eta] of this polymer was 0.89 dl/g. 

[003 8] Except having changed methanol in example 5 Example 1 into acetone, it was operated 
like Example 1 and 446 g of poly norbornene was obtained. This yield corresponds as an 
inversion rate of norbornene, and is equivalent to 1780 kg/mol-Pd as catalytic activity 9.5%. 
[eta] of this polymer was 0.92 dl/g. 

[0039]Except not having added methanol lmmol in comparative example 1 Example 1, when it 
was operated like Example 1, 150 mg of poly norbornene was obtained. This yield corresponds 
as an inversion rate of norbornene, and is equivalent to 600 kg/mol-Pd as catalytic activity 3.2%. 
[eta] of this polymer was 0.20 dl/g. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l]Drawing 1 is a flow chart figure for helping an understanding of this invention. This 
flow chart figure is an example of representation of the embodiment of this invention, and this 
invention is not limited to this at all. 
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tmm^iiimtfmtzixx^h. l*>u mat 

[0004] #P i F5-2 6 28 2 1^fgtC{ij^^ 

*Hfc^««**j i t^^R-fb-^ti t l r * y>& 
nmm&thit^mtfr^zMkzm^x. 
m&&*'ktsWik*\'7 < ymmfazmm-h-fim. 
vmmztix^z. mimii7>my*?ym<?)®M® 

& t v » ^ Ax-mfzumx-h h # . sk* i/?^ y^<?) 

JXO ^S^ waft L l ^*«r/P S Aft^W^fiOTtse® 

[0005] ^*W»&6«i8«S*lfc*ffii: UT, K 
^¥7 - 3 0 4 8 3 4-9^Bfctt-' , C5S'*'7Afl:^ftRV 

^*$sSLftt-tmmmwzmk*u7 < ym& 
ftogm-fimtfmmztix^z. mjmm^u7^ 
ym^^imx-m^inh^mt LxmtitzLox- 
hhtK iMmiiz\,ii*uz-&\,\imm.. Rvmtiz 

[0006] 

[&BJf* { ft?&L<}:3fc-t.£iSM] *SffiB{iJt£^ffi(cfi 

*V7< y%m-sm$mi-zijmm&t&zt£$> 
h. 

[0007] 

\,zTiv-n-)V^ YWr b yfrhtchmfrhm 

iffiS^ftJ-Mt IXtattzfrniM-iUL^m 
Sr^-f S CIo . Wt>*«Wtt» ( A ) j»&Kft 

( b ) m$&mit&®ikR&ix4 *y&<»m 

^i^7 ^ ynmsmfm. m/tzmmt m^xm® 
*is7H ym*n&tim&\' 7 < y&m-&&c?>mk 
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[0008] 

s £H IX *> J: l> 4 fi&±^^I£^i£flM 




%mmfrt>%z®fre>mtfti&mmmz*L. r\ r s 
tR\ RmmzBf&LxMw n{±oy±<7)mm 

[ o o i o ] i z izmmm<r)-mx'hhmm-^. i ~~ 

nwm<r>7)V*)i>m;yx-)im. hU;i^. 77^/u 
g^^rU-^Si^y^';^, 7x*f-/l^<977 
/l/3r/l-g : ^ U t>S. xf 'J f>lfOT/W 'J t 
y£ ; tx/Ug, Ttl/l^(07;^-;l^ ; ^ b*£/ 
xh^g^^/Un^g; 7x/*;/£gw 
U-oJf ; T^iVgmnTis}^ ; ^ h^i^/W 

-/t^ ; 7*^/M-*^g3£«97>vM-*>'S ; h !M 
*r)Vis U /IggO ( ggj ) 1J ; y*.* f-;U7 S 7 

*siV& ; ->7/g ; Mtft::±K7/Mf/l^.. 7'J-/l^ 

75 /s. r^u*. tjumis/um. r 

i^a^i^m. 7/U3^>-^;l'^-;l^. 7i'/M- d r>- 
g» (Sift) v'J^S, 7/Mf/U7$7gJ>.S>^tey7 

[ o o 1 1 1 ff 4 L^iBflsa. *miE? . mrn^m 

\-20<O7)V*)Vm. ^#S^S6-2 0O7U-/U 
S. &£JSi^7~2 0tf)77;U*;I^ &3Ug?Sa 
-2 0c7)7;^ , JtVS. ^11^2-2 0 £07;^ 
-/bS, ^JI^l-2 0<7)7^/l^, HafflFFRl 

~2 o 07/1-3^ mm?® 1-20 

Wy/M-*yS. ^11^1-2 OCT) y'J 

too 1 2] [ i ] x-mnzmi^mtttu 



*U7 •(>; 1 -^-f/i/y/MOM-y^ /U7/U 
[0009] zixt><?»pzifr£ LuSHfctw i >m 



[I] 



y/P^/M-y. 5 -xf-yL-y/UifOl^y. 5-7f-/U7 

y, MI^7o>>yT-bv, 'V^^n^y^ft 
y, ^y^>-7o^Jf-^T-fey. x-f'j-fy7/M0i'* 
y, h7^nKf-b>, 8-xf-^xh 

5y;nl<f-fey. 5-7-tr^-;U7^;^y. 5-7 
tfW^y/M/Piy. 5-7- Ndf^;U^x;l,y 
/Wtf/l^y. 5-xhdfy^^**x;i/7/i/^;^y, 5 
-7 5 -7 b * uf])Vif-.-)VJ)Vifs)V^y. 5 - 

hvi/tvYT-tV, 8-i^77rh7i'7nKT-fey 

[0013] m^zmLxzixh^mk^y < ymt 
mmtzitmix'ffi%ztih. zt^ mmi-y<>% 

--miziiZM.m.tii'pcoimytuy < vmm&ft\ om 
a*&, m#*uy -r ymt-mizm^zuintiM 

yru\:vy, i-yy-y. 4->f;Kyfy-l, 1 
-A^-fey. l-^x"ry^)a-5j-ly7^y ; X-f-l/ 
y#WT;Py-x;l^#^b7k^ ; y^/ut'x;ux-x 
/k x^h'x/i,x—f^^)7/^;utx/i/x— f 

;p ; mtv-)vm<7W$m^*7ym.iVkm ■. 

77 D U— h . xf-/P77 U V- V . yff-^^ 
- hmoa , /9 -^iaW^;Ut*y^x7x^ ; 77 'J a 
xb ijy^(7)^|p- b ; ftltt'x/Mfotf/k-tfy 
&fx/H?£spf I, C t 5 . 
[00 14] (2)g^Eft^(A) 
*%.Wc0M.mztm& (A) g^M^ftlt- 

zzx-wmmitirtiitii. mm (iupa 
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cmmt^zmmm. 1 9 8 9 > o»6fea»fcm 
m 1 o&mmtmk&mvh 0 . -7v-/k 

[0015] **>ft*Wfc LTtt. *ft^y4r;k SSK 

x (T'J;U) rt7i/*7^ is?uu ( 1 , 
^yXVlA^y'W, y?DDh^ (7-feh-HJ 
;P) rtyWA^ y7ont'x (<yV— MJ/P) 

rtyWJ*. y7DDh'^ ( h>Jxf;^7^) /t 

y^A. y7DD [1, (y7i-m7^f 
/)X^y]A*7y^ x t*X[l, 2-h'X(y'7x 

-;>7tX7>fy) x?y] ;^yW v f h7T^ 
a'^S^A^ hU-K fh7^ (7-bh-h'J 

A'? W<UCDik£mt - V *)V<n\t&faX% 0 s £ fc 

ftfcff* Llr^RttJRft^Hi ( A) li % «fc/t 
7y»)A, JMfc/^S^A, H^fl^^^A. &®a - 
7y^A, ffi»A°^^A s BR;*5>^A % y'^nn 
h'Zfr^h^Mj/I/l^yW, y^ODh'^ 

Ott**»«-r*fl:^Hi (B) 

*«W^«HSEt:*J(tS (B) g^S^ftlh 

(B) IMIMtRJ£LT^^yS«S: 
5. ffiKlift^ft (B) (i. re&IMfc£8ji:0!>R 



[0017] mi<a. ( b 1 > wmmitsmt:* 

WXl, (B2)HfcS G* A" (fflU G + 

ft<ifc^-c&s*f-*>'r*»). a- ut#Effltt7- 

:t>T'fc£. )T«**l4ft'd*. fcL<tt(B3>- 
JKiUL-H) + A- ({IU Ltt+fi/M **SST* 
0. (L-H) ♦ li7U>ATv F*T*9. 
^f-^ytfiCksW*, ^LTA- ll#Effitt7 
) TaS*l6ft^«i^V^ttL36»-CA4. 
[0018] ±9#*L<tt. (Bl) . (B2) . 
( B 3 ) li*i\?li*^mtt&to?t>l. 
[0019] UEWMXg! (Bl)tt, $ fefcffi L 

<i±. hr* bq 1 Q2 Q3 x'mstizxvmfcGm 

X'foh. fflU B(i3fi^^fffi«S^^^T-T^ 
0. Q 1 -Q 3 H/\nyyjR^ % 1-2 0ffl<05aiJK^ 
«r*tfK<t*««. l-2 0«Oft«l![^«:*tfAny 

wt^bK^s. 1-20 a^ussfs^** tr aai^ u 
i-2 0ffl«oft«J!S : f^*tf7;^*^S*fc« 
2-4 0ffl^U8RK : F«r*O2Btft75yaT*0. * 

1 0 0 2 0 ] ( B 1 ) LTU. h U 

X(^7/^n7x-/H>t7y, hUX(2, 
3, 5, 6-fh77Wn7x-/H/f7>, hU^ 

(2, 3, 4, 5-fh77;WD7x-;W*7X 
MJJM3, 4, 5-h'j7^U7x^)^7^ 
MJX<2, 3, 4-h>j7/^n7xZ/H*7k 
7x^t'x (^7/^n7x-;H ^XP** 

[002 1 ] UBO-^G + A- TS3*lSfl:£* 
(B2)li. ^^tc4fiL<(i, -S^G + ( BQ 1 Q 

2 Q 3 Q 4 ) ' fit. 

b« 3 mnm^tm<?)**7mi%?xt> o . q 1 -q 4 

ULUW)/M*R (B 1 ) fctJ^iQ 1 -Q 3 tH*T 
[00 22] HK* G + (BQ 1 Q2 Q 3 Q 4 ) - T" 

?>^G + tm. 7xat^Mf^ 7;^;l/gm 
7x0^-^^^, «g^^y^rh>W^it. 

:tyT*£G + tCti. h'j7x-/Mf/W^^h' 
jftWfeiiS. IffittttT^i-V-C** (BQ 1 Q 2 Q 

3 Q 4 ) - Cii. fb7^X (^7/^07x^ 
;U) fh7^X (2, 3, 5, 6-fh77 
;^D7x^l/)/t'l/-h, rh7W(2, 3, 4, 
5-fh77/W07x-/H sKU-h, Th7*X 
(3, 4, 5-h'J7Wn7xz;H #U-K fh 
7*A{2. 2, 4-h , J7/WP7x-;K*I/- 
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[0 0 23] ^feeOftftWirtH^^kUTIi. 7 
l, r -x^^;U7xa-fe-^ixrh^^x 

(^^7/^D7x^) Mj7x-/M 

f^fh7+x (^7;Wu7x-;H #u-K 
hv7x-/MfVl/fh7*y; (3. 5 MJ 7/1/ 
^D^f;|/7x-/K #P-b*ir*W4£i:**CS 
ftt#iL<(4. h'J7x-;Mf;l/fb7^ 

[0024] 4fc % ±lSO-^(L-H) + A" T« 

( B 3 ) 14. $ fcfcff* L<(4. HR* 
(L-H) + ( BQ 1 Q2 Q3 Q4 )- -c«S*l**»> 

18^*9* Q 1 -Q 4 liiSEO/MXK(Bl) fcifc 
(t*Q> -Q 3 tPWTAS. 
[0025] HRsS (L-H) + ( BQ 1 Q 2 Q 3 Q 

4 )- vmtiziti^nMftMtLTte. TVyxr 

■y KBT*i (L-H) * fcli. M;r;Wf/MBir> 
^-^i*. N , N-;y 7/1^^7- ^7/1^ 

fefU ^Efilttr^*yCJ>6 (BQi Q2 Q3 Q4 ) 

[0026] ztit><r)mm%mttbitt LXl±. h 

(^?7WD7x-;H #U-K HJ (y/Uv/u 
y^/u) ryt-^fb^^ (^y^7/^D7x 
~)V) 7$u- k hj ( y ;k7/uyf-/M ryt^w 

fh7^(3, 5-h^h'j7Wo^f;l.7x- 
x (^y?7;^P7x-;H #]y-K n, N-^'x 

f/PT-'J^Afh^^ (^y^7WP7x~ 
;!/) *'U-K N, N-2, 4, 6-^y^^f-/Ur- 
iJ-T)Afh7^ (^^7^D7x^) 
K N, N-x^f-;Pr-U^ATh7^X (3, 5 
"t'xhU7;WD^f/P7x^;K #l—K 
ratVP7y^-^Arh7^X (^y^7Wn7x 
-/U) #U~K i/y^oMy/l.ry^-^f h7 
(^^7WD7x-/W tfl—K h'j7x~ 
WX^-^Af hy*X (^7/^D7x-/l/) 
tfk-K h'J (^f;P7x^)^^^fh7 

*x (^y^7Wn7xz;H #l/-K HJ (y^ 
f^7x-/H ^-Wfh^X (^y^/M" 

by*x (V?7WD7x-/H *V-K 4>L< 



(4. N, N-y^W-'J-^Af h7^ 
7Wn7x^/W *U-hT*4. 
[0027] ( 4 ) 77lO-/k FStfy- h V 

36>fe«r***»6atfii4ft*» (C) 
*«W<oj»«fc:fc*t4 (C) J&JH4, 7*ci-/k 7/u 

ft Fm?h>frb%&mfrt>mi£tLhfc#tov$> 

&. 7;to-/k T^ftK, ^ hy£ LT*?£ L<(4 
Mrai-2 0OT/l/3-/K 7/kfth\ y-hy 
jW8v^*U ^W^KIiSflfSl-l 0<07 

[0 0 28] TJVa-fUV^frmtLXte, . 

x^7-/k l-7" , uW-/k 2-ro/V- 
/k l-7^y-;k 2-7^y-/k 2-y^/u-2 
-7°c?y\'y-/k 2-^^;l/-l-rnyv-;k 1- 
^yyV-/k 3-;*f7U-i-7'yV-;k ♦tf-^y 
^/U7;t^a-;k S^n^^/i^/ka— /k 7U/U7 
;un-/k 2-7r y-l-*-/k 3-/f/-i- 

/k ^3f^7nn^ V7 0 nyNV— ;k Mt^aa 
^y/DAV-zk xf i/y/iin-/k 1, 3-rn 
i, 3-7^y^-;k l, 4-7^ 
yy^-;k /'J^'Jy, ^/b-;k **y-/W75 

fttflfcLTJl. */UA7/kft h\ 7*h7/kftb\ 
7"ny**— ;k 7"^-/k 2-yfvkTny^-/k 
^y^-/k M^-J— /k 2-^yryy'7~/k 
^yX7/Ur t FWiWMi* . y" h V<O£#0Jfc L 

T(4. 7-fehy. 2-7'^yy, 2-^yy, 3- 
^>^77, 5-^tv-3-*y,<r/7xy 
y. ^yy*yy. 7*h7xy>\ r^hi^yhy. 
rntr^7xyy. t'7-fe?*;k ^yy;k 2.4-^ 
y$v*y. 2, 4-^^^y. ^a^-fry 
y. i, 2-^y^y^y, 9-7/k*iyyy s ry 

hax 7xtvhaX t7^I/yy s t7y7>, 
t'jKy. V- (3-eyy;M xy-hy^w^fi 

[0029] TJUa-/lstLTmi>mL<te. 

-jv. x^y-/i/, ^t7on>( y7*o/NV-/ke* 
0. y-hyt LTgt»^L<«4. ^yy^yy. 7* 
vyx-hh. 

[0030] (5)mvt*\sy<ymm-£mtm 

*JMB<7«HfctU7 >f y«fi^fflM^i4. ±e ( A) a 

yh ( b ) w ( c ) ttth tm?s> 
h. ztimma* mm. m%%m#? ( a> « 

( B ) fiSc^St/ ( c ) MtZl'tb&SLtzmi&b I 
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[0031] fistfr ( a ) <r>mmm\tti&m&i'? 

as. ffiffl^fii-^yv-tcMLTo. ooooi~i 
#4L<(40. oooi~o. i=eiu%X'S) 
h. a# (b) v&mmmmmzuz^tf. m 
(a) iw%tz*).mno. 1-1 oo^/k #4L 
<{±o. 5-1 o^x-hh. wt (o tottfflfiti 

fc. WmZtilZtlitc^tiK W&Wt (A) i*;n3 
£9. 0. 0 0 l*/WJ±X'h&. #4L<(4j£t> 
(A) 1*/H3fc9> 0. 1-1 OOOOOt/MlST 

[00 3 2] (6) §^1/7 4 y^Jt£ft<OlBi 

(4&v^ flteJf, 7'?>\ <y?y. M^y, ^7* 
?y. *99>m<nMlimtttM%. Ky*£y % hrtx 
y, *i^y|?<07?#&M:*li. *?uyis?xjy4 

?y-/k x?y-;k ToAV-zk 7'yy-;HS*D 
7^3-/1^1, -/'if/H-f/k fh7tKo77y 
^<9i~f/k ^f/Hfyl/^hy, yf-/U 

■\v7^>vrYvm<7)>ryym>m. sbl mt 

ixmmizm^&mmm^. x\ixyy-m%. ax^ 

#>9. 4^. sasg. m^M^ytbhx-^mx- 

[0033] mmm^xy v-m-siza^x. a^s 
jgtiii^- 50-20 o*co®H^root#s*\ ftlc. 
-20-10 owmmtK. m$Em. 

-6 0kg/cm! G##4 Lv\ SvfBS^tfc^T 
(4, S-£fig(i6 0- 1 2 0°C. fi^ff^li 1-3 0 k 
l/cm« G#J?4 L\\ KJE-f^-ya-g-TIi, fi£jS 
g(41 5 0-3 0 0*0. S£ff;»J(43 0 0-2 5 0 0k 

g/c m 2 g## 4 lv\ m&tmt. -muz. m 
* { . as i 4hsk 2 o gffflcom&zmh z t * . 

f h7'J y*»Bfc LT 1 3 LfcfflRfiiB&O 
[0034] HifcfPJl 

glsEBI Lt30 0ml <n%m.*.) \"7 7*^7 5 X 3 tj>£ 
v'7onh'7s (^yy-hU^) KJW&O. 00 1 
SU^k Wh/HVlOOml. 5*:)V/Vvh)l> 
J&KO //UXlU* y<r> V ;PX yj§$ 10ml ( / ^,tC;|^ 



*y£ UT505 Ut/U) , y?y-/Hmmo 1 £ft 

&%-.w&ix5o°c<7)t%-mmt%Ltz. v 

)lr)XV-V0. 00 1 SyJE/^jDi. 5 0*CT15 

$HBWt*«Btfc. *«a*. KKfwK£yyy-/no 

y ^ y L T#fc«£fltf)iK*« 

2 1 9mg ( J )V^}V^y<m.\mt LT 2 2%, fi$$ 
iStt£LT4 1 20kg/mo 1 -Pd) T&-?;t. IS 

O [»7] 142. 59d 
[0035] Sife^i2 

»S^J i fcfcftsy ^y-;^x^y-;wc^i.3ttW 

t45?S6^Il fcH«tll^L, ,-K'jy;U^/M^y3 8 8m 
g Srf#^ . -T cDiRiUi S>1>#>1>* y<m\m t LX8. 
2%, tmft&tLXl 5 5 0kg/mo 1 -Pdtcffl 
1-fS. 4fc, Sffi^flcO [77] {40. 48dl/gt 

[OO36]»St0"J3 

MfiW 1 tfcttsy ^ y-;PS:^-9-7aa-f yroA* 
y-A'fcSEifcjaswiaawn 1 1 i§i«t:ti# l, y 

lUX)l<*y 8 5 0 m g 3H#fc . CI C0JtRM<4y )VX)V*y 
VGmt LX 1 8%, fcBUSttfc U3400kg/ 
mo 1-PdfcfflS-Ti. im&tiM IvUi 
2. OOd l/g-C*J>-5^. 

[0037] mm4 

mmm 1 izmht? j-^^w^j yxstttzw. 

Mtm&m 1 fc H^fcS^ L , *■ U y;k-}f;p*y 5 2 5 
mg£#fc. ^ ^!RSi4 y /U-K/U* y ^0^$ LT 1 
1%, fSMvStti LT2 10 0kg/mo 1 -Pdlcffl 
SfS. 4fc. Sfi^fM) [»7] (40. 89dl/gf 

[0038] 

MfipiJ 1 >-**r* h yfc«ifcjaw± 

1 1 PlfttcM^ L. '-Kl>y rt'^A'* y 4 4 6 g £ 
f$fc. ^<7)JRS{4y/P*'/^yc0K'(k$fcLT9. 5 
%, tt^vSfitLTl 780 kg/mo l-Pd(Cffl^ 
■fi. 4fc. Mm-&#n [77] t40. 92dl/gTJ> 

[00393 UMM1 

mmmmmi ynmiz^muztzb. m/MM 

^yi 50mg2:^#^. ZOWMteS iV#)V*y<rMfo 
mtlX3. 2%, 84^vSttfcLT600kg/mo 1 
-PdtcfflS-ti. 4Jt. ia^ft<7) [77] (40. 2 0 
d 1/gT'ftoTt. 
[0040] 



(7) 
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(A) ££&Bfi£# 

(b) sau&si*# 

(C) 



